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Review - 

Inactivation of viral antigens for 
vaccine preparation with particular 
reference to the appHcation 
of binary ethylenimine 

jlgm G. Bfthnenianii 
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Ifltroducdoo 

A penisal of ceccot and cuxcent ticeratate on the 
prcpamioa of viral vaodnes wnch inactxvsted andgeo 
and, tn paiticular. of experimeDtal vacdnes of (his type 
tfaom thai very often the inacdvation u still obcdoed 
with fonnaldehyde aiad wixhoat the neoemry oodtrols. 
In the preparatiaa of an inactivated viril vaodoe the 
inactiTatioii prooess is 'a very impoitast step. The 
innocttity of the vaodnc must be amred belbre the 
question of potency can be addressed. 

It seems worthwhile to discuss the tnactrvatxon of viral 
iatigeiu with xeliezCTCc co a few older (and perhaps 
forgotten) pubUcatuiis as well as some more leoent 
studies. The procedures and process coairols which must 
be appHed in order to assuia a safely mactivatcd vaccine 
win be described. The example of foot-and-mouth disease 
(FMD) vacdne prepaiatioa will be used as this vaodne 
is by vdume the largest viral vaodne produced at present. 

loactiYatkm with fonnaldchyde 

For many years most of the viral vaccines with 
inactivated antigen were pttpucd with formaldehyde as 
macttvating ajeeoL The «or1c of Sveo Card and his 
coUaboraion^ with poUovints during the period of ) 
to 1958 demonstrated that the iiUctivation of this virus 
with formaldehyde wa* not a linear or fint-order 
reaction. Similar results were obtained for the formal* 
dehyde isactivatton of FMD virus by Wesst&n and Dinter 
io 1957^ and by Graves* in 1963. 

A recent publication (tatiog the linearity of formal- 
^^tydc inactivatiao of FMD virus^ comes to this 
erroneous conclusion bccaose the infectivity titration for 
the fauctivation slope was based on final readings of 
plaque fonnlng units (pX.Q.) ai 2 days. This is far too 
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dion a time for a reading with formaldehyde treated 
virus which is unique in having a marked^ extended 
incubation period for the fint' replication cydc in cell 
cultures, as was shown by Schultz et a/, in 1957' uid 
Bdttiger er al. in 195S^ For points on the lower part of 
the inactivation dope BSnigcr et al, needed 12 days to 
obtain a final pXu. reading. 

The extended incubatioa penod for formaldehyde 
treated virus ilto means that an innocuiiy test in animali 
is inappropriate for detectiag imaU amounts of residual 

' inioctious virus. Wlicn this virus begios to repCcatc with 
a delay of between several days and 2 weeks, the animal 
is already be^nning to produce antibodies. The new virus 
will then be neutralized by antibody and the animal has 
an abonive or subdinical infection. This subdinicai 
infection can be detected by testing the aoimal for the 

. virus infection assodated antigen (YIAA). ibc viral RNA 
polymerase*. 

In 1975 Alonso et ai* reported a study of cattle exposed 
to FMD and found ihat at 21 days posivaecroation, of 
18 animals vaodnated with formaldehyde inactivated 
vaccine live animals were positive for VIAA. Of 16 
animah vaccinated with N-aoctyleiUylCAimine (AEI) 
inactsvatcd vaccine no animal was positive for VIAA. 
Pinto and Oariand*** Uter found VIAA positive cssa 
also in aoioialt revacdnated with AEI inactivated 
vaodne. but emphasized that the response in these 
animals was much weaker and only transicoL Alonso 
er nJ.^^ were able to conTizm this transient and weak 
response and also found, with btnaiy ethylenimirte (SEX) 
inactivated AI(OH)j and oQ adjuvant vaccines, a 
responso to VIAA only after rcvacdnation. The weak 
response to VIAA is caused by the presence of this andgen 
in the inactivated virus suspension used for vacdne 
preparation. However VIAA antibodies induced by safely 
inoaivated vacdnes are only detected after rcvacdnation 
■ and the presence of such antibodies after primovaod- 
nation still indiaitES recent virus replication in the 
animal. 

Lucam et ai analysed in 1958 the FMD vacdnation 
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campaagns in France" and «ii«pccicd rcndua! infectiviiy 
in some fonnaWehyde iuacUvatcd FMD vaociaes, which 
had pojiel oOidal tnoocuity tests. 

Roceatly Beck and Scrohmaicr" studied vinisw from 
Add outbreak! of FMD in Earopc by dctcrminaiioa of 
their nucleotide sequences. They found that most of these 
isolates were related to virus strains in (Idnnaklehyde 
inactiYated) vaccines. This kd Strohinaicr^'* to the 
opinion that most of the FMD outbreaks in Europe in 
the last 20 years were 'homemade*, i.e. were caused by 
vftodnation. He made the recommendation that tn- 
activation of FMD v^ocine antigczn should be changed 
from (brmaklefayde to Tirst-order inactivants or dial 
vaccination should be stopped altogether. 

Tbo FMD raodne production regulations in several 
South Amencan countries have for several years now 
permitted only the use of first-order Inactivants. At least 
one European country has recently also adopted this 
poaitioiu Most of the FMD vaccine production labor- 
atories in these countries apply the azihdinc compound 
EI m the form of BEL Otte group of laboratories uses 
diluted £1. 

Inactivattoa with axiridines 

The finl report of a (bacterial) virus inactivadon by 
ethyleaimiiie, the basic aziiidine substanoe, wai publtshed 
in 1955 by Rj£ttig and Uockcr". Hurst in 1957** was of 
the opinion that vaccines prepared with AEl as tnactivant 
Yere antigeokaUy superior to vaccines inactivated with 
fonnaldchyde and would guarantee inactlvation of the 
virus. The antigeoic superiority was later coaliimed also 
for vaccines inactivated with BEl*'~''. ICI patented the 
Qsc of ABI for inactivation of microorganisms in 1959^. 
The first report on the inactivation of FMD virus by AEI 
was publishod by Brown and Crick also in 19S9^'. This 
compound was subsequendy used by a leading FMD 
vacdne prod\iccioa laboratory for many years in the 
preparation of inactivated antigens. However ic did not 
come into general use because of its patent protection. - 

In 1961 Uecker'^ reported the linearity of inactivation 
of bacterial viruses by ethylenimine derivatives and 
Graves and Arlbighaus described in 1967 the Hnearity of 
AEI inactivadon of foot-and-mouth disease virus^. 

At ambient temperatures AEI is not stable and it 
therefore has to be kept at 4*C or preferably at -20*0. 
FeOowes remarked In }965^, that AEI has a low boiling 
point and very Uttle is left in a biologic preparation at 
reaction temperatures of 20*C or above This observadon 
probably made him use an isacdvatioo temperature of 
23*C instead of the usual 37*C. 

The problem of the stability of AEI was perhaps the 
reason for introducing the double dosing i«gimen for 
inactivation at 37*C ix. the application <^ two doses for 
24 h each u described by Pay et al.^*. This procedure is 
stin being used with BEI by the same laboratory'^ 
altKoagh EX is much more suble^''. An extended 
incubation of the antigen at ZTC damages the andgen, 
as was shown hi comparative inactivatzons of FMD virus 
at 26*C and at 37*C^V This damage is not due to the 
inactivant but b probably caused by the action cf 
' proteotyilc ensTmes present in the virus suspension. 

Other laboratories continued to work on FMD virus 
inactivation by aziridincs and in the early 1970s reports 
on ethykthylcnimioe, EEI^', eth]4eaimioe, EP'' and 
binary ethylenimme, BEI^*^ were published. Both EEf as 



weU as EI are difficult to obtain in quantity. For ihn [ 
reason, as well as the case of preparaUon and handUng, 
BE! is now the preferred inactivating agent for FMD 
and other veterinary vaccines. 

The viruses which have been reported as mactivaled 
with BEI are given in TabU I . They belong to a variety 
of families of viruses with cither RNA or DNA, which 
makes it very Ukely that most known viruses would be 
ixiacdvated by an aziridine, 

loactiration wtdi BEI 
GtniTMi cotmdf rations 

Inactivadon in vaccine preparation transforms ^ 
infecdout antigen into a non-infccuous one. Thii 
transformation step should therefore be done in a weO 
idendfiod intermediate area between the viivs-containine 
and the vina-frcc area. Access to the intermediate area 
should be timiiod. and'^oly be possible &om the 
viruKontalntng side. 

The antigen must be held m the intermediaU area untd 
compkdon of the necessaior contrrf tests (mactivatioi 
endpoint and inuocuity). The facilides for holding of the 
inacQvatcd antigen in this area, cold room or cooled 
atones tanks, shoukl be able to accommodate a volujne 
of at least 2-3 weeks production of vina in order to allow 
termination and if necessary a repwt of the control tests. 
Only after conGrmadon oJ the innocuity can the antigen 
be transfcned to the virus-ficee area and be used for 
vaodnc preparatioii. 

The inactivadon process should be done under slow 
agitation m two different vessels, with perhaps one 
quacter or a third of the time in the first vessel, and 
transfer of the virus suspension under inactivation in t 
closed system to the second vessel for the remainder of 
the dme. This procedure is indicated in order to avoid 
pockets of the virus suspension into whwh the inactivant 
did not enter or reinfiection from non-inactivated virus 
on the tank waU above the hciuid level at the end of die 
inactivation period and after hydrolitation of the 
Inacdvant 

The virus suspension should be checked to determine 
that it b at the desired temperature and b at a pK 
of f»7A before the inactivant is added. It is also 
advisable to control the osmolariiy cf the virus suspen- 
sion, which for cell culture produced FMD virus is 
« 320-340 mOsK. 
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1 A/rietn iwtM fever 

2 aiuetongu* 

3 BowifW l«uka«inla 

4 BovtM rhlnolnctMftrs 
3 Bovine ftHnaykuA 

6 Bowtne viral ditrmoaa 

7 Entwn Bquint •ncepnatomywliti* 
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a NvwcMsiift diMasa 

10 Porcin* pftfvovirxit 

11 P9fudcirabiofi 
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13 V««icu)ai- ttOffiftUtls 
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The pH and osmolarity of Che virus stupeniion alliecc 
the vdodcy of ioaaivatioiL Ffgures I and 2 show the 
resulu ofa study tome yean &go of (be eflcct of pU and 
osmolarity on the ixiactivatioa nte of £L The experv 
mental caoditioos were the same as given previously*', 
tt cui be seen from f (gurc / that an increasing alkalinity 
nduocs tbe inactivadon rate. Tlits ia in contrast to 
forrnafin tnadivatioa, where Che velocity of tnactivatioa 
was found to increase with xxKreasiof aUcalunty^. 
FtgMr* 2 sbo«i that incrcmazos. osmolality alio slows 
down the inactivfttion rate. The pH and osmolarity efTects 
on the inactivatlon rate are perhaps due to confbr- 
mationit changes in the viral capsid proteins which affect 
die penoeability for the inactivaat. 

PteparatioH appScatioik 4>f i^aethaia 

The inactivaat was called binary ethylenimiiM or BEI 
because it ii prepared from two substances, 2-bromo- 
ethyhminc HBr (BEA) and NaOH. and aUo to 
disdngui^ this preparation from pure EI. BEA converts 
^ aa alkaline solution to 1>iaaury' eihylenimine. The 
acdve substance is the ethylenimioc ting as in aU aziridtne 
oompounds. 

The BEA solution i» O.lu or 20Jgl"' of a 0.175n 
^OH sohxtion. The convemon to BEI is completed jn 
p'-fiOaiia at 37*C and b acoompamed by a pH drop 
from to ttfiJ.Thc formaxion of BEI is indirectiy 
fojtnsCed by visualiziflg this chanftc with Ibc pH 
"«»cator ^naphthol violet (BNV). From a I aqueous 
«odt sohiUon of BNV. 0.5 nU is added per litre of NaOH 
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solution. The cotour of the BEA solution chanfics at 37*C 
in «l5min from violet to orange upon formation of 
BEI. The BEI preparation should not be used for 
inactivation if the colour has not changed to orange. 

The 0.1 M BEI preparation contains only 0 J% EI and 
therefore b much easier to manage than conocoiratcd EI 
or AEI. However it should stifl be handled with caie and 
prepared in a closed vessel which allows transfer of the 
BH in a dosed lyslfan lo the inactivation vessel. 

Higher concentrations of BEL sudi as 1 or iw, can. 
be prepared. Bot the preparation and handlins of such 
BEI soluiiona requires much more attcndon and 
precautions as the EI coooaitraQOn is much higher. 

It is recommended to use the O.l m BEI preparation 
with a final BEI concentration in ihe vims suspension of 
between 1 and 3rau. For an inactivation at 37*0 the 
0.1 >i BEI is added at 1.5% for a final Bfil oonoeniration 
of 1.5mM or at 26'C at 3% for 3roM BEI. At th«c 
tempeottures and BEI concentrations and for a pH of 
tts7S~1,6 unA at 320-340 mOsM of^thc vinu nupcnaian, 
the inactivation rate for FMD virtiS is around one log 
of vims per hour. 

The inactivadon rates (log virus b"*) pubKibod for 
some odier virufies with 1 mM BEI and at 37*C arc as 
follows: vesicular stomatitis virus U**, bovine rhino- 
trachdds virus l.l'*, equine encephalomyelitis vims 
12 (tmpuhlished), pseudorabies virus 12", rabies virus 
4.P' and Newcastle disease virus OJ". 

Na-thiosulphate hydxblyses BEI. Tbe BEI iriacti vadon 
* is stopped by the addition of a 1 m statile Na-chiosulphate 
solution at 10 Vt of the volume of the BEI solutioii used. 
It should also be used for hydrolysatioat of BEI in any 
spills Of for cleaning of the vessel in which the BEI 
sohition was prepared. 

bt'process controls 

The inactivadon process musl be accompanied -by 
appropriate in-process controls. This begins with the BEI 
preparation. As described above, the formation of the 
cthylcnimine ring xs monitoted in a jimphQed manner. 
. If nccesaaty.aadotimetricdeterminatioo of the produced 
BEI can bo performed using the method described 
Epstein ef af.**. and has been used by CzeUeng «t air* 
for BEI and Preaud ct a/.*' for EI. It should not be 
necessary to do thU colorimetric detenmnation with each 
BEI pnrparation. However it is advisable to do so at 
hiicrvals, as it is also a control for the BEA salt, ^to 
iafonnatioa is available on the shelf life of BEA. Some 
tnactivanon failures are suspected to have been caused 
by old BEA. 

The inactivation of viruses with BEI is a fint order or 
linear reaction. For eacb inactivation, ilie rate has to be 
dctexmincd. This is done by taking samples for infectivity 
titration during the earfy part of the inactivation process, 
at 0. 1, 2, 1 and 4h fior example. The inactlvatioQ rate 
is obtained from the infectivity titres by calculation of 
the regression coe£5dcnt and is used to calculate the 
inactivation oidpoint. 

The eodpoiol is the most important parameter to bc 
determined aitd is a function of tbe inactivation raie» the 
reaction time and tbe volume of the virus siispension- 
The minimum eodpoint is defined as being one Iog(l0) 
lower than the title which gives one infectious unit in the 
total volume under inactivxtion. For example: One 
infectious unit in a volume of one Kuc has a titrc of 
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lag 10"* (for the uswUy expressed titrc b ml). The 
mLlmumciidpoint for this volume thcrtfotctt log 10 . 
For a suecc«fui inactivation the calcuUted cndpojat has 
10 be lower iban the minimura endpoint. The difference 
between the calculated and the mmimum endpoint. 
or the DIM pUIcreoce of Inactivation endpomi to 
MinimuiB) value has to be positive. It is important to 
detenninc the DIM value for each tnactivation process 
for an assessment of a sucocuful inactivation. 

Alter termination of the inactivation each vims 
luspension has to be wsted for innocuity on cdl cultures. 
This can be done by inoculation of at least two roller 
bottles or similar cell culture vessels and two lubsoquent 
bUnd passages ai 48 h intervals. The oeB cuUurcs for this 
test have to be prepared in the virus-free area and the 
test should be done in the intermediate area. Only after 
dctcnninatioa of the inacdvation.eijdpoint and compleiloa 
of the innocuiiy test can the vim suspension be 
considered to be properly inactivated. 

Other appScathas of BEl 

The major appUcatioii of BEI wiU be in the preparation 
of inactivated antigen for vaccines. But there are other 
areas in which BE! can be used. Since BEI do« not react 
with proteins it can be used for inactivation of 
adventitious viruses in biblopcal preparations from 
animal or human tissues or fluids. 

The BEI treatment of bovine serum used for cell 
cultures has been reported in 1976". The usefulness of 
chis method was later confinned in 19B4 by Hcuscfaelc", 
who applied h over a 6-year period for the inactivation 
of adrentidous bovine viral diarrhoea virus in calf serum 
used in primary or aecofldsLry animal cell cultures. 

BCI can also 'be used for inactivation of viruses in 
enzyme preparations of anioiai origin. A commercial 
trypsm preparation was treated with BEI without any 
loss of activity (unpublished results). Il is very likdy that 
other hiolopcaU, Hke Factor VIIX, could be treated with 
BH for iaactivadon of advenodous viruses. 

Safety 

Pure aziHdines are highly toxk and have lo be bandied 
with special procaucions and extreme cace. This high 
toxidty is the reason for the 0.1 M prcparadon of BEI. 
At this molarity the BEI preparation contains only 0.3% 
£1 and the vapour pressure at this oonocntraCioo is low 
enough that for tcmperatwes under SCC no EI wUl 
escape into the aunospherc (the boiling point for El is 
57*C). . . 

On the basis of experiments in laboratory animals, 
aziridinea axe considered to be cardnoficnic substances.. 
According to Denncr and Ham'", however, no cases of 
human cancer caused by EI have ever been reported. 
Fellowes^* dtes Huist who sUtes that an ii^ection of 
0.5 mg of AEI mto ratt did not produce any tumours 
during an observation period of S15 days. 

The total amiual productioo of FMD vaccine world- 
wide is probably between 700 and 800 millioa doses, of 
which nearly 500 million doses are produced in South 
America alone. Furthermore between 70% and 80% of 
bU FMD vacones are inactivated with B£I» which means 
that about 500 million doscs of FMD vaccine are 
Inactivated with BBI and applied in cattle annually. The 
majority of these cattle are revaodnated many times over 
the years. No increase in the inddence of cancer in cattle 
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after vaccination with BEI inartivmed vacdncs has cva 
been reported from anjCcpuntry. Neither Is thwe any 
reason to expect any increie, as the restdual BEI afta 
inactivation is hydrolizod with Na-thiosulphate. 

Computer program 

A computer program has been written to a5sisl with 
the calculations needed for a controlled mactivadoa^ 
viruses with BEI or any other Rrst-ordcr inactivant. Tte 
screen menu for the program is »ven in ^'tff 
program runs with DOS and is available m Enghsb 
(vine^exe) or in Spanish (viasjate). Copies of othw 
DTOsram can be obtained by sending a formatted 
doablo-density/double sided 5.25 in. diskette. Reqoesb 
from South America should be sent to the Cwtn 
Panamcricano de Fcbre Aftosa, Caixa Postal 589, 20001 
Rio de Jandro, Brasil. Requests from North Amcna, 
Europe or other countries can be sent w the Paa 
American Health Organization. 
525-23rd Street. ^fW. Waahingion, DC 20037. USA. 
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